Protein kinase C and ERK involvement in dendritic spine plasticity in cultured rodent hippocampal neurons.
The roles of protein kinase C and the MAP-kinase extracellular receptor kinase in structural changes associated with long-term potentiation of network activity were examined in cultured hippocampal neurons. A brief exposure to a conditioning medium that favours activation of the N-methyl-d-aspartate receptor caused a rapid and specific increase in staining of neurons for the phosphorylated form of extracellular receptor kinase as well as of cyclic AMP response element binding protein. Exposure of the cultures to the conditioning medium was followed by a protein synthesis-dependent formation of novel dendritic spines. An extracellular receptor kinase antagonist PD98059 blocked the phosphorylated form of extracellular receptor kinase response and the formation of novel spines. A selective protein kinase C agonist, phorbol 12-myristate 13-acetate, caused activation of extracellular receptor kinase and formation of novel spines. The protein kinase C antagonist GF109203x blocked the phosphorylated form of extracellular receptor kinase response and the subsequent spine formation by phorbol 12-myristate 13-acetate. Both the conditioning medium and phorbol 12-myristate 13-acetate caused a delayed increase in mean amplitude of miniature excitatory postsynaptic currents recorded in the hippocampal neurons. These results indicate that activation of extracellular receptor kinase mediates the effect of a conditioning protocol on the formation of dendritic spines. The formation of novel spines was associated with long-term increase in network activity and functional synaptic connectivity among the cultured neurons.